Abstract -For two-phase, non-multiple emulsions, the emulsion morphology diagram shows, as a function of temperature and phase or component concentration, which phase is dispersed and which is the continuous one, as well as the temperatures and compositions at which inversions occur. The emulsion morphology diagram plays for emulsions a role that is similar to the role played by phase diagrams for phases.
INTRODUCTION
An emulsion has been defined as a system in which "liquid droplets and/or liquid crystals are dispersed 1 1, 12) has proven to be fully satisfactory for correlating and predicting emulsion morphologies. A fundamental problem common to all of these approaches is that they originally were formulated and/or applied without adequate knowledge of the phase behavior of amphiphildoiYwater systems. A morecomplete understanding of the relationships between emulsion morphologies and the phases from which they are formed requires a fuller knowledge of the phase behavior including, in particular, knowledge of the phase diagrams of systems that form triconjugate top, middle, and bottom phases. Many of the chemical systems used in early studies of such "middle-phase microemulsion" systems contained a nonionic amphiphile (i.e, "cosurfactant"), organic salt (i.e., surfactant), oil, water, and one or more inorganic electrolytes (ref. 15) , Temperature is also an important thermodynamic variable. The phase diagrams of such systems require five or more dimensions and are excessively complex for establishing fundamental
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relationships between phase behavior and emulsion morphologies. Experience (ref. [9] [10] [11] [12] [16] [17] [18] [19] has confirmed the value of using systems of two and three thermodynamic dimensions (by the phase rule, the minimum required for formation of biconjugate and triconjuate phases, respectively) with inclusion of a fourth dimension (required for a non-virtual tricritcal point) only as required for actual approaches to a tricritical point. In fact, even in single-temperature, amphiphildoUwater phase diagrams the fact that the tielines are not 
PHASE DIAGRAMS
Amphiphile/water
The smallest number of components that can form an emulsion is two. Figure 1 illustrates the type of miscibility gap that is exhibited by many nonionic amphiphiles with water (and by other pairs of liquid components as well). At temperatures between the lower consolute solution temperature, Ticst , and the upper consolute solution temperature, Tucst , the system can form a water-rich aqueous phase in equilibrium with an "amphiphilic phase," which has a greater concentration of amphiphile. (In a real system one of the two critical points may not be observable; e.g., Ticst may be below the freezing point.) 
EXPERIMENTAL DETERMINATIONS OF MORPHOLOGIES
Although earlier researchers (ref. 13, 14) often assigned emulsion morphologies on the basis of visual examination of their creaming behavior, it should be emphasized that the morphology of a steady-state emulsion and the morphology of an emulsion formed during creaming of that steady-state emulsion are not necessarily the same (ref. 
EMULSION MORPHOLOGY DIAGRAMS
From the phase rule and the definition of two-phase, non-multiple emulsions, it follows that one should be able to map onto Figs. 1-3 the following: (a) which system compositions of conjugate phases I and J are I-in-J emulsions, (b) which have the J-in-I morphology, (c) which compositions may have either morphology (i.e, hysteresis), (d) which compositions are a mixture of both morphologies, and (e) which compositions (if any) have neither morphology. We call such a diagram a "dispersion morphology diagram," or somewhat more precisely for emulsions, an "emulsion morphology diagram" (ref. 16 ). In fact, one can choose either the component concentrations or phase concentrations as independent variables. The latter choice is somewhat more precise, since steady-state emulsions are fundamentally viewed as functions of phase concentrations, while the former choice is often more concise in that it allows the phase diagram and the dispersion morphology diagram to be combined into one. Amphiphile/oil/water: T<TI, and T>T,, Figure 6 illustrates the type of dispersion morphology diagram found (ref. 12, 16) for the type of phase behavior (T < Tic) illustrated by Fig. 2 . Emulsions of the system C2HjOHhenzendwater were originally studied by Ross and Kornbrekke (ref. 14) . As in Fig. 5 , inversion lines @I and % meet at the critical point (ref. 14) and curve toward the phase of greater amphiphile concentration. Between @I and % either emulsion morphology might be observed, but as indicated by Fig. 8 have been measured for a particular chemical system, the diagram can be used to predict the morphologies that will OCCUT and the points at which the morphologies will change for any particular sequence of composition andor temperature changes that are of interest.
As an example of the use of Fig. 8 whereas below that temperature all emulsions are "OW'. Hence, an emulsion must invert when the temperature passes through the PIT. However, Fig. 8 predicts that no morphology change need occur if the amphiphile concentration is sufficiently small that the number of phases never changes from two to three. Experiments (ref. 16 ) in which the temperature was cycled up and down through the PIT while the system composition remained fixed and the number of phases always remained two have confirmed the prediction of the dispersion morphology diagram shown by Fig. 8 that a system can pass through the PIT without the ocurrence of any change of emulsion morphology.
